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Section 1 


Introduction 


The Maui MPO contracted CDM Smith to update the Maui Travel Demand Model to include 
current (2019) and projected (2025, 2030, and 2045) transportation demand on the island of 
Maui. CDM Smith supported the development of the existing model (the 2008 model developed in 
2010) and updated the 2008 model to the 2019 model (completed in 2021). As part of the model 
update process, CDM Smith provided model trainings to the MPO and trainees from other 
agencies, as well as two model documentations: Model Update Report (this report) and Model 
User Guide. 


This report describes the development process of the 2019 Maui Travel Demand Model using the 
TransCAD modeling software package (version 8.0). The development process includes the 
following steps: 


= Data Collection 

=" Input Development 

= Trip Generation 

# Trip Distribution 

= Visitor Trips 

= Mode Choice 

=" Trip Assignment 

=" Model Calibration and Validation 


These steps were documented in detail in the following sections of this report. 
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Section 2 


Data Collection 


The model update process begins with the collection of necessary data to update model inputs 
and parameters and to support model calibration and validation process. With support of the 
Maui MPO, the CDM Smith team collected the following data from various data sources, as shown 
in Table 2-1. The CDM Smith team compiled and reviewed the collected data for completeness 
and quality, and then processed the data for model update purposes. 


Table 2-1: Summary of Data Collection for the 2019 Maui Model Update 


Base Year 


(2019) 


Future Year 
(2025, 2030, 


2045) 


Base Year 


(2019) 


Future Year 
(2025, 2030, 


2045) 


Base Year 


(2019) 


CDM 
Smith 


Population, 
Household, 
Employment 


Other socioeconomic 
data 


All socio-economic 
data 


Transit Network 
Bike Trail Network 


Sidewalk Network 


Highway Network 


Annual Average Daily 
Traffic (AADT) 


Transit Ridership 
Mode choice data 


Location-based data 


2010 Census Decennial Data 

2019 Census American Community Survey (ACS) Data 
2019 Woods and Poole Data 

Maui Data Book Data 

Hawaii Department of Business, Economic Development 
& Tourism (DBEDT) Data 

2019 Census TIGER shapefile 

Maui Data Book Data 

Hawaii Data Book Data 

2019 Visitor Plant Inventory data 

Department of Education school enrollment data 
Water Borne Commerce Data 


Harbor tonnage and passenger data from Kahului and 
Lahaina Harbor 


Hotel inventory data from Hawaii Tourism Authority 
Maui zoning and parcel data 
Maui County Real Property Tax Dataset 


DBEDT 2045 Forecast Data 
Maui Data Book Forecast Data 
Hawaii Data Book Historic Data 


Maui County Bus Route GIS data 
MPO bike trail GIS 


MPO sidewalk GIS 


LRTP Project Map (GIS files) and Project List (Excel) 


Maui County Transportation Improvement Program 
Project List 


2019 Highway Performance Monitoring System (HPMS) 
Data 


2019 Maui County average daily ridership data 
2019 Census ACS mode choice data 


Origin-Destination trip pattern data from Teralytics 
(data vendor) 
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Section 3 


Input Development 


3.1 TAZ Update 
3.1.1 TAZ Structure 


Traffic Analysis Zones (TAZs) define geographic areas, which are used to relate travel demand to 
socio-economic characteristics. There are a total of 145 zones within the study area. The study 
team reviewed and updated each TAZ to ensure that the TAZ boundaries are consistent with 

U.S. Census geography, natural landscape, roadway network, and land use designations. 

Figure 3-1 shows the updated TAZ structure labeled with IDs of the 2019 Maui model. 


LEGEND 


[-}Zone system 
oO 2 4 


Miles 


Figure 3-1: The 2019 Maui Model TAZ Structure 


3.1.2 Socio-economic Data 

3.1.2.1 Base Year Socio-economic Data 

As shown in Table 2-1, several data sources were collected to update base year socio-economic 
(SE) data. For each SE data attribute, all available data sources are analyzed and cross-checked, 
then most desirable data source was chosen to be used for the SE data update. The detailed 
process and the resulting 2019 SE data was discussed and approved in the first Delphi meeting on 
April 26, 2021. Table 3-1 shows the final data sources and 2019 data for all SE data attributes. 
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Section 3 e Input Development 


Table 3-1: The 2019 Maui Model Base Year (2019) SE Data Summary 


Population 2019 ACS Population 157,040 
Household 2019 ACS Household 51,108 
Employment 2019 LEHD 71,634 
Service Employment 2019 LEHD 48,604 
Retail Employment 2019 LEHD 13,509 
Other Employment 2019 LEHD 9,521 
Visitor Attraction 2019 Hawaii Data Book 10,250 
Hotel Rooms 2019 Maui Data Book 21,294 
School Enrollment 2018 Maui Data Book 23,214 
Airport Passenger 2019 Hawaii Data Book 7,739,784 
Airport Tonnage 2019 Hawaii Data Book 56,073 
Harbor Passenger 2018 Maui Data Book 250,014 
Harbor Tonnage 2018 Water Borne Commerce 3,694 


Data from 2018 sources are grown from 2018 to 2019 based on historical growth rate. Based on 
these data, the Population/Household ratio of the 2019 Maui model data is 3.07, the 
Employment/Population ratio is 0.46. 


3.1.2.1 Future Years Socio-economic Data 

Future year SE data includes the 2025, 2030, and 2045 data for all attributes listed above. The 
basic method is to project 2019 SE data to each future year using corresponding growth rates. 
Growth rates for most of the SE data attribute were obtained from the Hawaii Department of 
Business, Economic Development & Tourism (DBEDT) 2045 Forecast except household, visitor 
attraction, airport tonnage and harbor tonnage. Typically, population and household follow very 
similar growth trends. Therefore, the annual growth rates for population were applied to 
household. Visitor attraction is closely tied to visitor trips to Maui. Therefore, growth rates of 
airport passengers was adopted for visitor attraction. Growth rates of airport and harbor tonnage 
were estimated based on historical data obtained from 2019 Hawaii Data Book. The detailed 
process and the resulting SE data was discussed and approved in the second Delphi meeting on 
May 12, 2021. Table 3-2 shows the growth rates of all socio-economic data items. 


Table 3-2: The 2019 Maui Model Future Year SE Data Annual Growth Rates 


Population 1.0% 1.0% 0.8% 
Household 1.0% 1.0% 0.8% 
Employment 1.2% 1.1% 1.0% 
Service Employment 1.3% 1.3% 1.2% 
Retail Employment 0.7% 0.7% 0.5% 
Other Employment 0.9% 0.9% 0.8% 
Visitor Attraction 1.4% 1.4% 1.3% 
Hotel Rooms 1.4% 1.4% 1.3% 
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School Enrollment 0.6% 0.5% 0.6% 
Elementary School Enrollment -0.0% 0.3% 0.5% 
Middle School Enrollment 0.9% 0.3% 0.6% 
High School Enrollment 1.6% 0.9% 0.7% 
Airport Passenger 1.4% 1.4% 1.3% 
Airport Tonnage 3.0% 3.0% 3.0% 
Harbor Passenger 0.5% 0.5% 0.5% 
Harbor Tonnage -0.8% -0.8% -0.8% 


Future forecast of the SE data was estimated based on these growth rates. Table 3-3 shows the 
socio-economic numbers of future years. 


Table 3-3: The 2019 Maui Model Future Years SE Data Summary 


Population 166,465 173,574 190,542 
Household 54,175 56,489 62,011 
Employment 76,669 80,551 90,279 
Service Employment 52,472 55,482 63,336 
Retail Employment 9,946 10,244 10,604 
Other Employment 14,251 14,825 16,159 
Visitor Attraction 11,093 11,798 13,689 
Hotel Rooms 23,045 24,510 28,439 
School Enrollment 24,091 24,418 26,743 
Elementary School Enrollment 11,227 11,625 12,750 
Middle School Enrollment 5,247 5,143 5,776 
High School Enrollment 7,236 7,267 7,797 
Airport Passenger 8,376,260 8,908,902 10,336,805 
Airport Tonnage 66,182 76,124 115,845 
Harbor Passenger 257,425 263,601 282,129 
Harbor Tonnage 3,515 3,367 2,920 


3.2 Network Update 


3.2.1 Highway Network 

3.2.1.1 Base Year Highway Network 

Network geography 

The 2019 Maui model highway network is developed based on the latest geography information 
on Maui Island. All the roadway geographies are reviewed and updated according to the street 


network GIS layer provided by the Maui MPO, with reference to Google Earth aerial imagery. 
Figure 3-2 shows the roadway network by functional classification of the 2019 Maui model. 
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Figure 3-2: The 2019 Maui Model Links by Functional Classification 


Network attributes 

Roadway attributes were reviewed and updated based on the street network GIS layer provided 
by the Maui MPO, with reference to Google Earth aerial imagery. Attributes include lanes, area 
type, signal density, cross-section, and functional classification. These attributes are used to 
determine capacity, speed, directional factors, and peak factors. Additional attributes such as 
road names, route numbers, mode type, and screenline information were added to the roadway 
network for identification and validation purposes. In order to validate the 2019 Maui model 
assignment, 2019 Highway Performance Monitoring System (HPMS) AADT from Federal Highway 
Administration was imported to the 2019 model network. There is a total of 131 AADT data 
points imported to the network. A complete list of the roadway attributes is provided in 
Appendix A. 


3.2.1.2 Future Years Highway Network 

Network geography 

A master network system was developed to contain the base year network and all future years 
networks together. Future years networks were developed to include future transportation 
projects that are scheduled to be completed between 2019 and 2045. Hele Mai Maui 2040 Long 
Range Transportation Plan (LRTP) was referenced to identify a list of future projects to be 
included to the model network, as shown in Table 3-4. This project list was reviewed and 
approved during the first quarterly meeting (April 14, 2021) and the first Delphi meeting 
(April 26, 2021). 
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Table 3-4: The 2019 Maui Model Future Year Projects 


C2 Imi Kala Rd Extension - Wai'ehu Maui Island Plan 2045 
C3 ~—_—Lono Ave Extension Wailuku-Kahului Community Plan 2030 
C4 ~=Wai'ale Rd Extension DPW 6-year CIP, Federal-Aid Highways 2035 Plan 2030 
C5 Kihei North-South Collector Road - Phase 1A ial ape 20ab Capacity Prcetam, 2009-2022 Maul! 9a95 
C6 ~—_— Kihei North-South Collector Road - Phase 2 HDOT 2015-2035 Capacity Program, DPW 6-year CIP 2030 
C7 Kihei North-South Collector Road - Phase 1B ~=HDOT 2015-2035 Capacity Program 2030 
C8 ___— Kihei North-South Collector Road - Phase 3 HDOT 2015-2035 Capacity Program 2045 
C10 ~=Honoapi'ilani Hwy Realignment 2019-2022 Maui TIP 2030 
C11 = Lahaina Bypass Phase 1C HDOT 2015-2035 Capacity Program 2030 
C12_——~Pa'ia Relief Route HDOT 2015-2035 Capacity Program 2030 
C18 Imi Kala Rd Extension - Wailuku Maui Island Plan 2030 


Network attributes 


To identify future projects for each future year, four new attributes were included as network 
attributes: Year Add, Year Remove, Project ID and Project Name, with the descriptions shown in 
Table 3-5. 


Table 3-5: The 2019 Maui Model Future Project Attributes 


Year_Add Integer (4 bytes) Year when the link will be added to network 
Year_Remove Integer (4 bytes) Year when the link will be removed from network 
Project ID Character LRTP Project ID 

Project Name Character LRTP Project Name 


3.2.1.3. Centroids and Centroid Connectors 


Centroid connectors reflect the locations of local access to the highway network for each TAZ. The 
centroid nodes reflect the center of activity of the TAZ, not the center of the geography. 


Adjustments to centroid connector links and centroid nodes were made to reflect actual access 
points to the highway network and actual centers of activity, not the center of the zone. Street GIS 
files along with aerial imagery from Google Earth were used to adjust the centroid data. The 
centroid connectors were adjusted to locations of local access to the model network. Additional 
centroid connectors were added to reflect more access locations and some centroid connectors 
were deleted, as indicated by count comparisons. 


The centroid nodes were adjusted to locations that reflect the center of activity of the zone and 
not the center of the zone. Some of the zones in the study area are relatively large compared to 
the land use within the zone. Thus, some centroid nodes are in corners or near the edge of the 
zones, where the center of activity/land use is. 
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3.2.2 Transit Network 


The 2019 Maui model includes a transit network, which consists of several features including the 
routes, stops, access links, and underlying line and node layers. The transit network was 
reviewed and updated based on the latest transit route GIS layers and the Maui Bus schedule 
provided by the Maui MPO. Eighteen fixed routes were coded on the 2019 Maui model highway 
network. Each route was coded by direction (inbound, outbound, loop or reverse). Each stop 
corresponding to each of the routes was coded in the transit system. Walk links connecting the 
highway network centroid nodes to the transit stops were coded in the highway network to 
connect riders from centroids to the nearest transit stops. 


Transit routes 

The 2019 Maui model transit system consists of eighteen fixed routes, fourteen local routes and 
four commuter routes. These routes were coded into the transit network based on the latest 
transit route GIS layers provided by the Maui MPO. The route names and numbers are updated 
based on the Maui Bus schedule, as shown in Table 3-6. A map of all the transit routes in the 
2019 Maui model is shown in Figure 3-3. 


Table 3-6: The 2019 Maui Model Transit Routes 


1 Wailuku Loop 
2 Wailuku Reverse 
5 Kahului Loop 
6 Kahului Reverse 
8 Waihee Villager 
10 Kihei Islander 
15 Kihei Villager 
20 Lahaina Islander 
23 Lahaina Villager 
25 Kaanapali Islander 
28 West Maui Islander 
35 Haiku Islander 
39 Kula Islander 
40 Upcountry Islander 
101 Haiku / Wailea Commuter 
201 Kihei / Kapalua Commuter 
301 Wailuku / Kapalua (Stadium) Commuter 
401 Makawao / Kapalua Commuter 
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Figure 3-3: The 2019 Maui Model Transit Routes 


The attribute data coded in each route is listed in Table 3-7. This information was obtained from 
the Maui Bus schedules provided by the Maui MPO. Route identification, headway, fare, transfer 
cost, year started, and mode are important to the mode choice component of the 2019 Maui 
model. The other attributes are utilized for descriptive purposes. The transit times and distance 
length fields are populated based on the highway line layer attributes of transit time and length 


for each route. 


Route_ID 
Route_Name 
Side 
Route_Number 
MODE 
Headway 
Fare 
TransferCost 
Serv_Time 
Transit_Time 
DIFFERENCE 
Year_Start 


Oth 


Table 3-7: The 2019 Maui Model Route Attributes 


Integer 
Character 
Character 
Integer 
Integer 
Integer 

Real Number 
Real Number 
Integer 

Real Number 
Real Number 
Integer 


Identification generated by TransCAD 

Route Name from Maui Bus schedules 

Side of road that route travels (generated by TransCAD) 
Route Number from Maui Bus schedules 

1 = Standard Bus, 2 = Commuter Bus 

Headway 

Route Fare 

Transfer Cost 

Maui Bus scheduled time 

Model transit time 

Bus schedule time minus model transit time 
Length of route from beginning to end in miles 
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The actual service time of a bus route is the time that it takes the bus to complete one leg of a 
route from start to finish, not including the reverse of the route. The model service time 

(or transit time) is calculated based on the highway link travel time and the transit time factors, 
where transit time is equal to the link travel time divided by the transit factor. The transit factors 
are based on facility type and area type. These factors reflect slower bus speeds on the highway 
network compared to private vehicles. 


Transit stops 


Bus stops were coded in the transit system for each route according to the Maui Bus schedules 
and the GIS file provided by Maui MPO. Each stop location is coded to a node created in the transit 
node layer. The highway network nodes and the transit system stops are linked together by node 
IDs. The 2019 Maui model transit stops are illustrated in Figure 3-4. The attribute data coded for 
each stop is listed in Table 3-8. 
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Figure 3-4: The 2019 Maui Model Transit Stop Locations 
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Table 3-8: The 2019 Maui Model Stop Attributes 


ID Integer (4 bytes) Generated by TransCAD 

Longitude Integer (4 bytes) Generated by TransCAD (y coordinate) 

Latitude Integer (4 bytes) Generated by TransCAD (x coordinate) 

Route_ID Integer (4 bytes) Generated by TransCAD based on the Route Layer ID 
Pass_Count Integer (4 bytes) Generated by TransCAD 

Milepost Real (8 bytes) Generated by TransCAD (miles from start of the route) 
STOP_ID Integer (4 bytes) Generated by TransCAD (same value as ID) 

NODE Integer (4 bytes) Tagged from the highway node layer 

Year_Start Integer (4 bytes) Year the transit stop is in service 


3.2.3 Transit Service Area 

The transit service area is defined by those zones that are fully or partially within one-third mile 
of a transit stop. These service area zones are reflected in the transit system by walk access links. 
Walk access links were added to the roadway line layer to connect the transit stops to the transit 
walk access zones. GIS procedures were used to connect the centroid nodes of all zones that are 
fully or partially within one-third mile of any bus stop. Attributes of the walk links are shown in 
Table 3-9. 


Table 3-9: The 2019 Maui Model Walk Link Attributes 


Highway Link = 0, Local Only Links = 1, Commuter Only Links = 2, Walk Only 


MODE_ID Integer (4 bytes) Links = 40 

WalkTime Real (8 bytes) Walk Time (length / 3 mph * 60 where max walk time <= 10 minutes) 
TrnFactor Real (8 bytes) Transit Factor by link class 

TransitTime Real (8 bytes) Transit Time (link travel time / transit factor) 


3.2.4 Bicycle and Pedestrian Network 


The CDM Smith team obtained the bicycle and pedestrian location data from the Maui MPO and 
converted them to TransCAD format geospatial network data, as shown in Figure 3-5 and 
Figure 3-6. These two layers are included in the model package and can be used to support the 
Maui MPO’s general mapping and planning purposes for bicycle and pedestrian network analysis. 


CDM 
Smith 3-9 


Section 3 ¢ Input Development 


_ Haiku-Pauwela 
= ah at 


ome 


Haliimaile % 


Makawao 


Wai anapanapa 
State Park 


Maui Bike Facilities BE cone 
== Greenway Makena 
=== Lane 
=== Route 
== Trails 

4 


Miles 


_ Haiku-Pauwela 
ee 


©) 


Spreckelsville 


@) Haliimaile — 


me 
_ . 


Wailea-Makena 
Makena 


Maui Sidewalks @- 
—= Sidewalks 
oO 3 6 


Miles 


Figure 3-6: The 2019 Maui Model Sidewalks Network 
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Trip Generation 


The first step of the 2019 Maui model, trip generation, involves estimating the number of trip 
ends generated in (productions) and attracted to (attractions) each traffic analysis zone. Each trip 
on the regional highway system has both an origin (production) and a destination (attraction). In 
this fashion, each trip is defined by two trip ends, one being a production and one being an 
attraction. These trips rates were validated against observed ground counts for year 2019 and 
standard validation measures, discussed in a Section 9 of this report. 


4.1 Trip Productions 


The 2019 Maui model trip productions are based on the number of households stratified by 
vehicles available, household size, and household workers. The home-based work trip purpose 
production trips are stratified by vehicles available and household workers. All other trip 
purposes production trips are stratified by vehicles available and household size. The trip 
production calculation is equal to the sum of the stratified households multiplied by the stratified 
production rate for each trip purpose. These trip purposes include: 


= Home Based Work (HBWork) 

=" Home Based School (HBSchool) 

= Home Based Shop (HBShop) 

=" Home Based Social / Recreational (HBSocRec) 
=" Home Based Other (HBOther) 

= Non-Home Based (NHB) 


The trip production rates for each trip purpose were reviewed and calibrated based on the 
NCHRP Report 716: Travel Demand Forecasting: Parameters and Techniques, TRB, 2012. Table B-2 
thru Table B-7 in Appendix B shows the trip production rates for each trip purpose. 


Additionally, the 2019 Maui model includes the trip production rates for the truck trip purposes. 
The truck trip purposes include: 


= Truck - Single Unit 
=" Truck - Combination 


The truck trip purpose productions are calculated based on regression equations. These 
equations are shown in Table 4-1 and are consistent with previous versions of the Maui model. 
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Table 4-1: The 2019 Maui Model Truck Trip Production Regression Equations 


0.099*households + 0.253*Retail Employment + 
Truck - Single Unit 0.068*Service Employment + 0.265*Other Employment + 
0.003* Airport Tons + 0.001*Harbor Tons 


0.038*households + 0.065*Retail Employment + 
Truck - Combination 0.009*Service Employment + 0.139*Other Employment+ 
0.003*Airport Tons + 0.001*Harbor Tons 


4.2 Trip Attractions 


The 2019 Maui model trip attractions are based on employment, including retail, service, and 
other employment, as well as school enrollment and the number of households. Regression 
equations were developed for the trip attractions and applied to each TAZ by trip purpose. These 
regression equations are shown in Table 4-2 and are consistent with previous versions of the 
Maui model. 


Table 4-2: The 2019 Maui Model Trip Attraction Regression Equations 


HBWork 1.16*Total Employment 

HBSchool 1.39*School Enrollment 

HBShop 3.58*Retail Employment 

HBSocRec 1.24*Service Employment 

HBOther 1.60*Service Employment + 2.57*Households 

NHB 4.09*Retail Employment + 3.15*Service Employment 


0.099*households + 0.253*Retail Employment + 0.068*Service Employment + 
0.265* Other Employment + 0.003*Airport Tons + 0.001*Harbor Tons 


0.038*households + 0.065*Retail Employment + 0.009*Service Employment + 
0.139* Other Employment+ 0.003*Airport Tons + 0.001*Harbor Tons 


Truck - Single Unit 


Truck - Combination 


4.3 Trip Balancing 


After the trip productions and attractions are generated for each zone, the productions and 
attractions must be balanced. The 2019 Maui model balances the attractions to the productions. 
Table 4-3 displays the unbalanced productions and attractions and the ratio of productions to 
attractions. Generally, a close ratio to 1.00 is desired. The Home Based Social / Recreational has a 
smaller number of productions than attractions. This is expected as there are a limited number of 
productions associated with this trip purpose. 


CDM 
4-2 Smith 


Section 4 e Trip Generation 


Table 4-3: The 2019 Maui Model Trip Productions and Attractions 


P/A Ratio prior to Balancing (HBW) 
P/A Ratio prior to Balancing (HBSch) 


P/A Ratio prior to Balancing (HBShop) 


P/A Ratio prior to Balancing (HBSoRe) 


P/A Ratio prior to Balancing (HBO) 


P/A Ratio prior to Balancing (NHB) 


TOTAL 


4.4 Special Generators 


93,063 83,995 
43,957 32,267 
43,023 43,935 
32,499 60,269 
179,761 211,614 
163,460 202,673 
555,763 634,753 


algal, 
1.36 
0.98 
0.54 
0.85 
0.81 
0.88 


Special generators are defined to adjust (increase or decrease) the number of trips produced by 

or attracted to a zone. The eleven special generators included in the 2019 Maui model are shown 
in Table 4-4. All of these special generators use adjustments to increase the trip ends for the 
corresponding zone. 


81 
83 
87 
98 
99 
107 
111 
113 
125 
131 
144 
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Table 4-4: The 2019 Maui Model Special Generators 


New shopping center 

Maui Friends of the Library 
Safeway Plaza 

Pukalani Square 

Pukalani Terrace 

Kahului Airport 

Queen Kaahumanu Center 
Maui Mall 

Maui Community College 
Industrial/Warehouse Activity 


Safeway Plaza 


Shopping mall, restaurants, etc. 
Library, market, church, etc. 

Gas station, shopping 

Community, gas station, shopping plaza 
Community, shopping plaza 

Airport 

Shopping mall, restaurants, etc. 
Shopping mall, restaurants, etc. 


University 


Community, shopping plaza, commercial buildings, etc. 


Gas station, shopping 


2000 
700 
1100 
2250 
7500 
1000 
7160 
6000 
4000 
2600 
4000 
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Trip Distribution 


Once the number of trips emanating from a zone has been estimated by the trip production 
models, distribution models must be developed to distribute them among the trip attractions in 
the other zones. The second step of the 2019 Maui model, trip distribution, involves the 
distribution of the trip ends between all possible zones, which is accomplished by a mathematical 
trip distribution (gravity) model. These parameters were validated against observed ground 
counts for year 2019 and standard validation measures, discussed in a later section of this report. 


5.1 Gravity Model 


The 2019 Maui model uses the gravity model to distribute the production and attraction trip ends 
to origins and destinations. The gravity model is so named because its basic form follows the 
mathematical formula Isaac Newton developed to approximate the pull of gravity. In general 
terms, this model suggests that the frequency of trip interchange between zone pairs is directly 
related to the number of productions and attractions in each zone, and inversely related to the 
travel time between them. Thus, the shorter the travel time to the destination zone, the greater 
the number of trips will be distributed to it from the origin zone and the more attractions there 
are in a destination zone, the more trips will be distributed to it from the origin zone. The gravity 
model is a function of friction factors (relative distribution rates), travel time, terminal times, turn 
prohibitors, and K-factors. 


5.1.1 Friction Factors 


Friction factors or relative distribution rates were taken from the 2001 Island of Maui model. 
Friction factors express the effect that spatial separation has on trip interchanges. These factors 
are measures of the impedance to inter-zonal travel due to the separation between zones. In 
effect, they measure the probability of trip making at each one-minute increment of travel time. 
The gamma function is used to reflect impedance (friction factors) between zones. The gamma 
function is: 


Friction_Factor = A Xx (Time~®) x e(-CxTime) 


A = A parameter 
Time = Minimum travel time through model network between two zones 
B = B parameter 
C = C Parameter 


The A, B, and C impedance variables of the gamma function are shown in Table 5-1. 
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Table 5-1: The 2019 Maui Model Friction Factor Parameters 


Home-Based Work 28,507 0.020 0.103 
Home-Based Shop 139,173 1.600 0.084 
Home-Based School 139,173 1.385 0.094 
Home-Based Soc/Rec 139,173 1.285 0.054 
Home-Based Other 139,173 0.960 0.062 
Non-Home-Based 219,113 1.750 0.010 
Truck — Single Unit 1 0.000 0.100 
Truck - Combination 1 0.000 0.030 


5.1.2 Terminal Times 

Terminal times reflect the time it takes to get to the true destination outside of the roadway 
network. The terminal times consider parking time, walk time, and wait time. The terminal times 
are a function of area type for productions and attractions and these times are applied to the 
highway travel time impedance matrix. See Table 5-2. 


Table 5-2: The 2019 Maui Model Terminal Times 


CBD 2.5 2.5 
Urban 2.0 2.0 
Suburban 1.5 1.5 
Rural 1.0 1.0 


5.1.3 Turn Prohibitors 


Turn prohibitors are time penalties added to a turning movement to reflect existing conditions of 
the roadway network. For example, if no left turn is allowed at an intersection due to a median 
block, then a turn prohibitor (penalty) would be applied to the left turn movement so that 
vehicles would not be allowed to make that movement in the model. Similarly, turn prohibitors 
are used to reflect prohibited U-turns and some ramp movements. Table 5-3 shows the turn 
prohibitors utilized in the 2019 Maui model. 


Table 5-3: The 2019 Maui Model Turn Prohibitors 


40 5068 99,999 
384 5087 99,999 
1971 5034 99,999 
2169 5034 99,999 
4557 5187 99,999 
5034 2169 99,999 
5156 384 99,999 
5189 4557 99,999 


CDM 
5-2 Smith 


Section 5 e Trip Distribution 


5.1.4 K-Factors 


The K-factors reflect trip making variables not directly included in the model. K-factors from the 
2008 Maui model were applied for each trip purpose by districts developed for calibration 
purpose, as shown in Table B-11 in Appendix B. 


5.2 Person Trip Statistics 


Person trips are output of the gravity model as a function of travel time, terminal time, turn 
prohibitors, friction factors, and K-factors. Person trips are distributed for eight trip purposes. 
The resulting person trips by trip purpose output from the gravity model are listed in Table 5-4. 


Table 5-4: The 2019 Maui Model Trips by Trip Purpose 


Home-Based Work 93,063 
Home-Based Shop 43,957 
Home-Based School 43,023 
Home-Based Soc/Rec 32,499 
Home-Based Other 179,761 
Non-Home-Based 163,460 
Truck - Single Unit 14,525 

Truck - Combination 4,936 
TOTAL 575,224 


Several person trip statistics were reviewed for reasonableness by checking the total number of 
person trips per socio-economic data. The statistics include total person trips per household, 
employment, and hotel room, as shown in Table 5-5. 


Table 5-5: The 2019 Maui Model Person Trip Statistics 


Total Trips/Household 11.3 
Total Trips/Employment 8.0 
Total Trips/Hotel Room 26.4 

Work Trips/Employee 1.3 

Shopping Trips/Retail 3.3 
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Visitor Trips 


Visitors make up a large portion of travel on the Island of Maui. The Island of Maui is highly 
populated with hotels, condos, and tourist attractions as a result of visitor travel. The 2019 Maui 
model generates visitor trips based on hotel rooms and visitor attractions. These trips are 
distributed to each zone using a static procedure based on the visitor destination choice model 
developed as part of the 2001 Maui model. After trip distribution, the visitor trips are split by 
mode and assigned to the roadway network along with the other eight trip purposes. 


6.1 Visitor Trip Generation 


The production rates are based on the number of hotel rooms and the number of tourist entities 

(attractions). The number of visitor person trips produced for the Maui is 209,916 in year 2019. 

The visitor person trips are a calculation of the number of hotel rooms multiplied by 8.83 person 
trips per hotel plus the number of tourist entities (attractions) by zone. 


6.2 Visitor Trip Distribution 


The trip attractions and trip interchanges between origins (hotel rooms) and destination 
(tourist attractions/services) are determined using a destination choice model by calculating the 
share of trips from each origin to all possible destinations. The visitor share trip table from the 
2008 model was used in the visitor trip distribution. The share is based on the utility of 
attractiveness of a zone. 
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Mode Choice 


Once the person trips origins and destinations are calculated, the third major step of the 2019 
Maui model is to calculate the number of trips by transportation mode, mode choice. The mode 
choice model includes the following modes: 


= Private Vehicle 

e Drive Alone 

e Shared Ride - 2 person 

e Shared Ride - 3 person 
= Public Transit 

e Local Bus 

e Commuter (premium) Bus 
# Non-Motorized 

e Walk 

e Bike 


7.1 Nested Logit Model 


The Maui Bus commuter services to some extent compete with local bus services. Therefore, 
there is a choice offered between lower cost, slower local service and higher cost, faster 
commuter service. On the private vehicle side there is also a need to estimate private vehicle 
occupancy and how it might change in response to the implementation of HOV lanes. On the 
non-motorized sidewalk and bike estimates are critical for those populations with limited or no 
household vehicles as well as for visitors to the area. 


Given the above, the 2019 Maui model mode choice model uses a nesting logit structure shown in 
Figure 7-1. 
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Figure 7-1: The 2019 Maui Model Nested Logit Structure 


The 2019 Maui model mode choice model is a nested logit structure with two car ownership 
groups: (1) Walk Access - No Car Owning and (2) Walk Access - Car Owning. Time, cost, and 
transfer coefficients were initially set to reasonable values as set out in Federal Transit 
Administration model guidance. Other mode choice parameters were initially set to values 
obtained from the Charleston Area Transportation Study (CHATS) 2009 model. The traditional 
disutility variables used to describe the alternative travel modes include: 


= In-vehicle travel time 

=" Out-vehicle time (waiting and walking) 

= Out of pocket costs (on a person trip basis) 

=" Transfers 

=" Modal bias constants 

= CBD or employment density dummy variable (optional, review model results) 


Mode choice constants and coefficients from the 2008 Maui model were reviewed and maintained 
to be used in the 2019 Maui model. Table B-12 shows the modal bias constants and Table B-13 
in Appendix B shows the model coefficients used in the mode choice procedure. 


7.2 Vehicle Trips 


After mode choice the person trips by private vehicle mode are converted to vehicle trips. All 
other modes (transit and non-motorized) are person trips. The 2019 Maui model vehicle trips by 
trip purpose as well as the person trips and resulting vehicle occupancy factors are listed in 
Table 7-1. 
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Table 7-1: The 2019 Maui Model Vehicle Trips 


HBWork 93,063 81,579 tal 
HBSchool 43,957 27,247 1.6 
HBShop 43,023 31,451 1.4 
HBSocRec 32,499 23,974 1.4 
HBOther 179,761 132,336 1.4 
NHB 163,460 116,817 1.4 
Tuck - Single Unit 14,525 14,525 1.0 
Truck - Combination 4,936 4,936 1.0 
Visitor 184,430 54,244 3.4 
TOTAL 759,654 487,109 1.6 


The trip length distribution (frequency) of the vehicle trips is calculated for each trip purpose. 
The average trip length in minutes by trip purpose is listed in Table 7-2. The home-based school 
trips and home-based shopping trips have the lowest average trip lengths compared to the other 
trip purposes. As expected, the combination truck trips are the longest trips in terms of travel 
time. 


Table 7-2: The 2019 Maui Model Trip Length Distribution 


HBWork 16.7 
HBSchool 8.4 
HBShop 10.3 
HBSocRec 14.5 
HBOther 14.0 
NHB 16.0 
Visitor 18.1 
Tuck - Single Unit 14.9 
Truck - Combination 23.2 
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Trip Assignment 


8.1 Vehicle Assignment 


Vehicle assignment is performed after the person trips are split by transportation mode and after 
the person trips are converted to vehicle trips based on the drive alone, shared ride - 2 person 
and shared ride - 3 person mode shares. Vehicle assignment is the assignment of vehicle trips to 
the roadway network, which is accomplished by selecting the route with the lowest travel time 
based on congested travel times of the highway links. The multi-modal multi-class assignment 
technique is used to assign vehicle trips in the 2019 Maui model. The assignment classes include 
resident trips, truck trips, and visitor trips. 


8.1.1 Assignment Parameters and Factors 


Assignment parameters include truck passenger car equivalents and Bureau of Public Roads 
(BPR) parameters. Assignment factors include peak hour factors and seasonal factors. 


The truck passenger car equivalent value of 1.5 is used to convert truck capacity into private 
vehicle capacity. This reflects that trucks take up more roadway capacity than private vehicles. 
The alpha and beta parameters of the BPR function reflect how increases in traffic volume on 
different roadway classifications influence travel time. These parameters reflect calibrated 
volume-delay curves for the Island of Maui. The alpha and beta values by roadway facility type 
are located in Table B-8 in Appendix B. 


The peak hour and seasonal factors applied to the traffic assignment volumes are post-process 
assignment procedures. The peak hour factors estimate peak hour traffic by link for the morning 
(AM) and evening (PM) peak hours. These factors are based on roadway facility type and area 
type. The AM and PM peak hour factors are listed in Table B-9 in Appendix B. The seasonal 
factors adjust the daily vehicle traffic volumes based on observed monthly fluctuations of traffic. 
Currently, the factor is set to 1.0 (the month of January). However, the user can specify the month 
by filling the [SEAS] field in the roadway line layer by link. The seasonal factors by month are 
listed in Table B-10 in Appendix B. 


8.1.2 Assignment Statistics 


Daily highway statistics such as daily volume, vehicle-miles traveled (VMT), vehicle-hours 
traveled (VHT) and system average speed were used to evaluate the overall transportation 
system and serve as a reasonableness check for model performance. The total VMT for the entire 
area is approximately 2.89 million. This translates into a number of VHT of approximately 
91,156 and an average system-wide speed of 28.2 miles per hour (mph). Based on the population 
and households of the region, the 2.89 million VMT value is reasonable at 18 VMT/person and 

56 VMT/household. 


Highway statistics by functional classification are tabulated in Table 8-1. As a reasonableness 


check, these statistics seem logical in that (1) the vehicle miles traveled increase as the roadway 
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classification increases; (2) the vehicle hours traveled generally increase as the roadway 
classification increases; and (3) the average speed increases as the roadway classification 
increases. This means that more vehicles are traveling on the higher-class roadways and they are 
traveling at a faster speed than the lower-class roadways. These figures become the basis for 
comparison when evaluating transportation system improvements and alternatives for forecast 
years. 


Table 8-1: The 2019 Maui Model Assignment Statistics 


1 - Interstate 0 0 0 

2 - Freeway 0 0 0 

3 - Expressway 0 0 0 

4 - Ramps 0 0 0 

5 - Principal Arterial 1,176,839 30,607 40.98 

6 - Minor Arterial 732,457 19,474 38.76 

7 - Major Collector 572,913 19,720 30.40 

8 - Minor Collector 108,178 4,760 23.28 

9 - Local Roads 23,811 1,766 16.90 
hie 2,614,200 76,327 30.06 


(excluding centroid connectors) 


The daily volume of the 2019 Maui model links can be used as a comparison between different 
model scenarios. Figure 8-1 shows a flow map of daily link volumes for year 2019. Additionally, 
Table 8-2 shows the distribution of miles by level of service for the 2019 Maui model roadway 
network. This distribution can also be used to compare different scenarios to see if more 
roadways are improving in level of service or if more roadways are getting more congested. 
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Figure 8-1: The 2019 Maui Model Flow Map 


Table 8-2: The 2019 Maui Model Level of Service Distribution 


A 363.4 82.8 
B 56.1 12.8 
C 14.9 3.4 
D 2.3 0.5 
E 0.8 0.2 
F 1.3 0.3 
TOTAL 438.8 100.0 


8.2 Transit Assignment 


Transit assignment is preformed using the Pathfinder method within TransCAD version 8.0. Daily 
transit assignments of flows and boarding’s were analyzed. Link and route flows were checked 
for reasonableness and route boarding’s were compared to observed survey data. Transit link 
flows were evaluated to ensure that transit flows were consistent with the routes traversing the 
highway links and to verify that transit flows were consistent on each route from segment to 
segment. Any major drop/spike in flows or missing data could reflect a coding error. Figure 8-2 
shows a map of the transit flow on the highway network. 
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Figure 8-2: The 2019 Maui Model Transit Flows by Highway Link 


The transit assigned route boardings were analyzed to check that all routes were loading transit 
riders and that major routes were loading higher ridership values. All routes of the 2019 Maui 
model load transit riders where Kihei Islander has the most ridership and Haiku/Wailea 
Commuter has the least ridership. Model daily ridership by route is shown in Table 8-3. 


Table 8-3: The 2019 Maui Model Ridership by Route 


Route Number | Route Name | , Move! : 
Daily Ridership 
1 Wailuku Loop 225 
2 Wailuku Reverse 422 
5 Kahului Loop 467 
6 Kahului Reverse 451 
8 Waihee Villager 67 
10 Kihei Islander 1,071 
15 Kihei Villager 165 
20 Lahaina Islander 231 
23 Lahaina Villager 96 
25 Kaanapali Islander 17 
28 West Maui Islander 839 
35 Haiku Islander 80 
39 Kula Islander 13 
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Model 
Route Number Route Name Daily Ridership 
40 Upcountry Islander 140 
101 Haiku / Wailea Commuter 10 
201 Kihei / Kapalua Commuter 32 
301 Wailuku / Kapalua (Stadium) Commuter 257 
401 Makawao / Kapalua Commuter 41 
oe Local Bus Total 4,285 
Commuter Bus Total | 341 
TOTAL 4,625 
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Model Calibration and Validation 


This section describes the process and results of the 2019 Maui model calibration and validation. 
The following documentations were referenced for this process: 


=" National Cooperative Highway Research Program (NCHRP) Report 365: Travel Estimation 
Techniques for Urban Planning, Transportation Research Board (TRB), 1998. 


= NCHRP Report 716: Travel Demand Forecasting: Parameters and Techniques, TRB, 2012. 


=" NCHRP Report 765: Analytical Travel Forecasting Approaches for Project-Level Planning and 
Design, TRB, 2014. 


= Travel Model Validation and Reasonableness Checking Manual - Second Edition, Travel Model 
Improvement Program (TMIP), 2010. 


=" = =Minimum Travel Demand Model Calibration and Validation Guidelines, State of Tennessee 
(2008). 


=" 2017 Regional Transportation Plan Guidelines for Metropolitan Planning Organizations, 
California Transportation Commission (2017). 


9.1 Model Calibration 


The calibration process involves comparing observed data with model output data for each step 
of the model and applying adjustments to the model to improve the model verse observed 
comparison. In the process of calibrating the 2019 Maui model, the following calibration 
procedures were conducted: 


= Review and calibrate trip generation rate and parameters by trip purpose 


= Review and calibrate trip distribution result (e.g. average trip length) and parameters by 
trip purpose 


= Review and calibrate model choice result (e.g. trip tables by mode) and parameters by trip 
purpose 


= Review and calibrate OD trip rates (using Teralytics OD pattern data) and parameters by 
trip purpose 


= Review and calibrate highway assignments (e.g. daily flows, VMT, VHT) and parameters by 
functional class 


=" Review and calibrate transit assignments (e.g. boardings, costs) and parameters by 
functional class 
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Among these calibration procedures, two major types of calibration were conducted: highway 
calibration and transit calibration. 


9.1.1 Highway Calibration 


Average Annual Daily Traffic (AADT) counts from the 2008 Maui model were used to calibrate 
highway assignment. AADTs from the 2008 Maui model were derived from a traffic count 
database of years 2008 and 2007 provided by the State of Hawaii Department of Transportation 
(HDOT). In addition to year 2008 traffic counts, year 2007 traffic counts were added to the model 
network to cover more model area with observed data and to ensure that all major roadways 
have an AADT count. There are 46 counts from year 2008 and 108 counts from year 2007 
resulting in a total of 154 traffic counts. These count data were projected to 2019 based on 
historic growth rate in order to be used as the basis for calibrating the highway assignments from 
the 2019 Maui model. The primary improvements made for the highway calibration process 
include: 


= Verify AADT tagging (duplication, missing, or misplacement of tagged count data) 
= Review and improve centroid connector connections and traffic loadings 
=" Review and improve roadway network geography and attributes 


= Review and update model parameters: trip rates, network parameters, assignment 
parameters, speed-capacity table, special generators, etc. 


9.1.2 Transit Calibration 


Average daily transit ridership data from the 2008 Maui model were used to calibration transit 
assignment. The 2008 ridership data was provided by Maui County. The primary improvements 
made for the model calibration process include: 


=" Review and improve transit network geography and attributes (routes and stops) 
= Review and improve walk link access and attributes 


= Review and improve mode choice parameters (e.g. transit speed/travel time parameters) 


9.2 Model Validation 


The validation process involves comparing observed data of the existing year with model output 
data and evaluating the reasonableness of the model outputs. In the process of validating the 
2019 Maui model, two major types of validations were made: highway validation and transit 
validation. 


9.2.1 Highway Validation 

As stated in Section 2: Data Collection, 2019 AADTs were obtained from the Highway 
Performance Monitoring System (HPMS) database, maintained by Federal Highway 
Administration (FHWA). 2019 AADTs were used to validate the 2019 highway assignment 
results, and the validation process includes the following measures: 
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= Percent Deviation 
= Percent Root Mean Squared Error (RMSE) and Percent Difference 
=" Screenline Analysis 
= District Flow Analysis 
= District VMT Analysis 
= Regional OD Travel Pattern Analysis 
These measures are discussed in the following sections. 


9.2.1.1 Percent Deviation 


Overall, the 2019 Maui model showed reasonable validation results for the highway assignment. 
Figure 9-1 shows the percent deviation curve of assigned daily vehicle volumes and traffic counts 


based on the NCHRP 765 report. Most of the points fall below the curve of maximum desirable 
deviation. The R squared value (Correlation Coefficient) is 0.94, which exceeds the 0.88 target 
established by the 2017 Regional Transportation Plan Guidelines for Metropolitan Planning 
Organizations, California Transportation Commission (2017 Caltrans Guidelines). These results 
indicate acceptable validation results on precent deviation and an improvement from the 2008 
Maui model. 


Percent Deviation For Links with Counts 
The 2019 Maui Model - Base Year 2019 
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Figure 9-1: The 2019 Maui Model Percent Deviation Curve 
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9.2.1.2. Percent RMSE and Percent Difference 


The percent Root Mean Squared Error (RMSE) is acommon way of measuring the overall error of 
the assignment values. A lower RMSE indicates a more accurate modeling of the observed data, 
which indicates a more acceptable validation result. Percent difference measures the percentage 
difference between the model result and the observed data. Percent RMSE and precent difference 
of the 2019 Maui model was analyzed by functional classifications and by link volumes. 


Percent RMSE and Percent Difference by Functional Classifications 


Daily vehicle traffic assignments were validated by functional classification as shown in 
Table 9-1. A map of the 2019 Maui model roadway network by functional classification is shown 
in Figure 9-2. 


The FHWA targets are based on typical values of percent differences recommended by the 
Minimum Travel Demand Model Calibration and Validation Guidelines. As shown in the table, all 
roadway classifications meet the FHWA targets of percent differences, with an overall - 

3.4 percent difference for model total. The overall percent RMSE is 23.3 percent for model total, 
which is within the standard target value of 30.0 percent. These results indicate acceptable 
validation results on percent RMSE and precent difference by functional classifications, and an 
improvement from the 2008 Maui model. 


Table 9-1: The 2019 Maui Model Percent RMSE and Percent Difference by Functional Classification 


1 - Interstate n/a n/a n/a n/a n/a +/- 6% n/a 
2 - Freeway n/a n/a n/a n/a n/a +/- 6% n/a 
3 - Expressway n/a n/a n/a n/a n/a +/- 10% n/a 
4 - Ramps n/a n/a n/a n/a n/a +/- 10% n/a 
5 - Principal 27 656,800 653,167 15.3 -0.6 +/- 10% Pass 
Arterial 
6 - Minor Arterial 17 307,700 309,353 17.9 0.5 +/-15% Pass 
7 - Major Collector 63 430,633 379,915 32.4 -11.8 +/- 20% Pass 
8 - Minor Collector 24 65,542 68,632 36.4 4.7 +/- 20% Pass 
9 — Local Roads n/a n/a n/a n/a n/a +/- 25% n/a 
TOTAL 131 1,460,675 1,411,066 23.3 -3.4 ae Pass 
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Figure 9-2: The 2019 Maui Model Links by Functional Classification 


Percent RMSE and Percent Difference by Link Volumes 

Table 9-2 summarizes the percent RMSE for the 2019 Maui model by link volume group. The 
percent RMSE targets are based on the Minimum Travel Demand Model Calibration and Validation 
Guidelines. The low link volume group has the highest percent RMSE value, but it reflects a large 
number of low volume count locations, which naturally tend to have a much higher percent RMSE 
value. As expected, the percent RMSE decreases as the link volumes increase. All link volume 
groups show percent RMSEs within the FHWA targets, which indicates acceptable validation 
result on percent RMSE by link volumes and an improvement from the 2008 Maui model. 


Table 9-2: The 2019 Maui Model Percent RMSE and Precent Difference by Link Volume 


0 - 4,999 51 185,033 137,246 -25.8 56.9 115.8 Pass 
5,000 - 9,999 32 222,312 223,018 0.3 21.6 43.1 Pass 
10,000 - 19,999 24 375,600 355,986 -5.2 18.6 28.3 Pass 
20,000 - 39,999 22 636,400 650,495 2.2 14.3 25.4 Pass 
40,000 - 59,999 1 40,700 44,253 8.7 8.7 30.3 Pass 
60,000 - 89,999 0 n/a n/a n/a n/a 19.2 n/a 
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9.2.1.3 Screenline Analysis 


Screenline analysis was performed on the daily vehicle assignment results to validate the volume 
flows across various screenlines in the study area. Similar screenlines used in the 2008 Maui 
model are used in the 2019 Maui model validation. The map of the 2019 Maui model validation 
screenline locations are shown in Figure 9-3. A table of the screenline comparison is shown in 
Table 9-3. All screenlines meet the recommended FHWA targets of +/-10 percent, which 
indicates acceptable validation result on screenline analysis, and an improvement from the 2008 
Maui model. 
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Figure 9-3: The 2019 Maui Model Screenline Locations 
Table 9-3: The 2019 Maui Model Highway Assignment Validation by Screenline 
1 6 5.7 159,100 155,607 -2.2 +/- 10% Pass 
2 4 9.2 52,400 49,945 -4.7 +/- 10% Pass 
3 4 5.7 97,500 96,042 1.5 +/- 10% Pass 
4 4 3.9 40,100 37,104 75 +/- 10% Pass 
5 4 3.2 37,200 37,169 -0.1 +/- 10% Pass 
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9.2.1.4 District Flow Analysis 


District flow analysis was conducted to validate the daily volume flows within each Community 
Plan Area (CPA) and Combined Community Plan Area (CCPA). Figure 9-4 and Figure 9-5 shows 
the 2019 model TAZs grouped by CPA and CCPA boundaries on Maui Island. 
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Figure 9-4: The 2019 Maui Model TAZs by Community Plan Area (CPA) 
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Figure 9-5: The 2019 Maui Model TAZs by Combined Community Plan Area (CCPA) 


Table 9-4 shows the district flow analysis results by CPA. All CPA districts pass the FHWA targets 
of +/-10 percent, except District 3 (Makawao-Pukalani-Kula) and District 4 (Paia-Haiku), which 
are slightly off the target. This could be caused by the relatively low coverage of observations in 
these two districts (only 1.5% coverage in District 3 and 1% coverage in District 4), because 
smaller observation size typically leads to larger deviation. Additionally, the rural location of 
these two districts with large census units hence TAZs may also affect the results. The overall 
percent difference for all districts is -3.4 percent, which meets the FHWA target. 


Table 9-4: The 2019 Maui Model District Flow Analysis by Community Plan Area (CPA) 


Sum of Sum of 


District Name Observations Observed Assigned Ria FHWA Target 
Counts Flows 
1_Hana 6 15,065 15,054 -0.1 +/- 10% 
2_Kihei-Makena 24 295,285 267,818 -9.3 +/- 10% 
3_Makawao-Pukalani-Kula 17, 166,429 187,319 12.6 +/- 10% 
4_Paia-Haiku 8 56,026 45,296 -19.2 +/- 10% 
5_Wailuku-Kahului 55 750,013 725,926 -3.2 +/- 10% 
6_West Maui 21 177,857 169,585 -4.7 +/- 10% 
TOTAL 131 1,460,675 1,410,998 -3.4 +/-5% 
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Table 9-5 further validates this result by showing the district flow analysis results by CCPA, 
which shows that all CCPA results meet the FHWA target. 


Table 9-5: The 2019 Maui Model District Flow Analysis by Combined Community Plan Area (CCPA) 


1_Hana 6 15,065 15,054 -0.1 +/- 10% 
2_Central Maui 104 1,267,753 1,226,359 -3.3 +/- 10% 
3_West Maui 21 177,857 169,585 -4.7 +/- 10% 

TOTAL 131 1,460,675 1,410,998 -3.4 +/-5% 


These results indicate acceptable validation results on district flow analysis, and an improvement 
from the 2008 Maui model. 


9.2.1.5 District VMT Analysis 


District VMT analysis was conducted to validate the daily VMT within each CPA and CCPA. 

Table 9-6 shows the district VMT analysis results by CPA. All CPA districts pass the FHWA targets 
of +/-10 percent, except District 1 (Hana) and District 3 (Makawao-Pukalani-Kula), which are 
slightly off the target. Similar to the district flow analysis, this could be caused by low coverage of 
observations in these two districts (only 3.5% coverage in District 1 and 1.5% coverage in District 
3), because smaller observation size typically leads to larger deviation. as well as the rural 
location of these two districts. The rural location of these two districts with large census units 
hence TAZs may also affect the results. Additionally, the nature of a higher average model link 
length in Hana area would magnify the effect further. The overall percent difference for all 
districts is 2.2 percent, which meets the FHWA target. 


Table 9-6: The 2019 Maui Model District VMT Analysis by Community Plan Area (CPA) 


1_Hana 6 7,868 6,994 eilalal +/- 10% 
2_Kihei-Makena 24 94,486 39,176 -5.6 +/- 10% 
3_ Makawao-Pukalani-Kula 17 53,669 62,405 16.3 +/- 10% 
4_Paia-Haiku 8 187,478 17,155 8.5 +/- 10% 
5_Wailuku-Kahului 55 201,164 209,963 4.4 +/- 10% 
6_West Maui 21 50,862 50,402 -0.9 +/- 10% 

TOTAL 131 426,797 436,095 2.2 +/-5% 


Table 9-7 further validates this result by showing the district VMT analysis results by CCPA, 
which shows that all CCPA results meet the FHWA target except District 1 (Hana). This district is 
slightly off target due to the same reasons noted in the CPA results. 
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Table 9-7: The 2019 Maui Model District VMT Analysis by Combined Community Plan Area (CCPA) 


1_Hana 6 7,868 6,994 Sha +/- 10% 
2_Central Maui 104 368,067 378,699 2.9 +/- 10% 
3_West Maui a 50,862 50,402 -0.9 +/- 10% 

TOTAL 131 426,797 436,095 a9 +/- 5% 


These results indicate acceptable validation results on district flow analysis, and an improvement 
from the 2008 Maui model. 


9.2.1.6 Regional OD Travel Pattern Analysis 


As stated in Section 2: Data Collection, 2019 regional OD pattern data was obtained from 
Teralytics’ location-based data. The 2019 OD pattern data was provided on the census tract level, 
which includes incoming, outgoing, and internal trips among all census tracts on Maui Island. This 
data was aggregated to the CPA and CCPA level for the validation analysis. Figure 9-6 shows a 
demonstration of Teralytics’ location-based data interface. 
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Figure 9-6: Teralytics Location-Based Data Interface 


Table 9-8 shows the OD travel pattern analysis results by CPA. Distribution of trips among each 
CPA OD pair was used to compare between the 2019 Maui model results and the 2019 Teralytics 
data. The comparison result was shown as a percentage difference between model and Teralytics: 
positive percentage indicates over assignment and negative percentage indicates under 
assignment. As the table shows, the model OD pattern matches the Teralytics OD pattern overall 
on CPA level, especially for the inter-zonal trips; the intra-zonal trips are also within a close 


range, less than 7% deviation. The destination and origin totals show differences within 2% 
deviation. 
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Table 9-8: The 2019 Maui Model OD Travel Pattern Analysis by Community Plan Area (CPA) 


1% 0% 0% 0% 0% 0% 0% 
0% 5% -1% -1% -2% -1% 0% 
0% -1% 5% 0% -2% -1% 2% 
0% -1% 0% 2% -1% -1% 0% 
0% -2% -2% -1% 7% -4% -2% 
0% -1% -1% -1% -5% 7% 0% 
0% 1% 2% -1% -2% 0% n/a 


Table 9-9 shows the OD travel pattern analysis results by CCPA. Similar to the CPA results, the 
model OD pattern matches the Teralytics OD pattern overall on CCPA level. 


Table 9-9: The 2019 Maui Model OD Travel Pattern Analysis by Combined Community Plan Area (CCPA) 


1% 0% 0% 0% 
0% 7% -7% 0% 
0% -7% 7% 0% 
0% 0% 0% n/a 


These results indicate acceptable validation results on regional OD pattern analysis. 


9.2.2 Transit Validation 


As stated in Section 2: Data Collection, 2019 average daily ridership data were obtained from 
Maui County, and used to validate the 2019 Maui model transit assignment results. 


Daily transit assignment of the 2019 Maui model was validated using observed average daily 
ridership data obtained from Maui County. Figure 9-7 displays a map of all transit routes and 
Table 9-10 shows the comparison of the observed and estimated daily transit ridership. 


Overall, the estimated transit ridership is about 89 percent of the observed transit ridership, 
which is slightly lower than the +/- 10% threshold established by the 2017 Caltrans Guidelines. 
For local buses, the total ridership is about 91 percent of the observed ridership, which is within 
the +/- 20% threshold established by the 2017 Caltrans Guidelines. For commuter buses, the total 
ridership is about 72 percent of the observed ridership, which is higher than the 20% threshold. 
This is the optimized validation result after iterations of transit calibration procedures, which 
shows a significant improvement from the 2008 Maui model, especially for the commuter bus 
ridership that was only 43 percent of the observed ridership in the 2008 Maui model. 
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However, this model is not a specialized transit model and TransCAD has limited capabilities to 
model transit, therefore, transit assignment could not be modeled as accurately as highway 
assignment. This limitation especially applies to commuter buses because the headway and 
service time of the commuter buses could not be represented in the same way as that for the 
local/regular buses. A specialized transit model is needed to enhance transit modeling 
capabilities and thus improve transit validation. 
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Figure 9-7: The 2019 Maui Model Transit Route System 
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Table 9-10: The 2019 Maui Model Boardings by Route 


Wailuku Loop 
Wailuku Reverse 
Kahului Loop 
Kahului Reverse 
Waihee Villager 
Kihei Islander 
Kihei Villager 
Lahaina Islander 
Lahaina Villager 
Kaanapali Islander 
West Maui Islander 
Haiku Islander 
Kula Islander 
Upcountry Islander 
Haiku / Wailea Commuter 
Kihei / Kapalua Commuter 
Wailuku / Kapalua (Stadium) Commuter 
Makawao / Kapalua Commuter 
Local Bus Total 
Commuter Bus Total 
TOTAL 


319 
298 
347 
245 

25 
788 
154 
671 
255 

33 

1,040 

237 
72 
228 
26 
24 
330 
95 

4,712 
475 

5,187 


225 
422 
467 
451 

67 

1,071 
165 
231 

96 
17 
839 
80 
13 
140 
10 
32 
257 
41 

4,285 
341 

4,625 


0.71 
1.42 
1.35 
1.84 
2.67 
1.36 
1.07 
0.34 
0.38 
0.52 
0.81 
0.34 
0.18 
0.61 
0.39 
1.32 
0.78 
0.43 
0.91 
0.72 
0.89 
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Conclusion 


The model validation results from Section 9 confirms that the 2019 Maui model is in close 
agreement with actual year 2019 conditions, and attests to the ability of the travel demand model 
to represent existing traffic patterns. Therefore, it was concluded that the 2019 Maui model can 
be used to reliably forecast travel patterns in 2025, 2030, and 2045. 


Throughout the process of this model update, the CDM Smith team identified the following list of 
recommended improvements that could be implemented for future model updates: 


=" Routine Model Update 
e Every 4-5 years, consistent with the Long-Range Transportation Plan update cycle 
e Major update needs: 
o Model Input 
— Traffic Analysis Zones (TAZ) structure and socio-economic (SE) data 
— Highway network and transit network 
— Trip rates table 
o Model calibration and validation 


_ Use the latest traffic count data (auto, transit, bike, pedestrian) to calibrate and 
validate model 


o Model interface update 
— Update model interface to support the latest modeling software 


o Additional sensitivity test scenarios (such as post-pandemic scenario to forecast travel 
pattern impacted by the pandemic) 


=" Improve multi-modal modeling capability 


e Develop an assignable bike model: not just a mode choice, but a model that can produce 
bicycle traffic assignments just like the highway assignments 


e Improve transit model 
o Include modes accommodating accessibility disadvantaged communities 
o Develop a more refined, standalone transit model that focus on more detailed transit 


planning, integrating General Transit Feed Specification (GTFS) data 
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Factor in pedestrian facilities and travel patterns 


Model components improvements 


Develop freight model to model truck traffic more accurately 


Develop time-of-day model to produce AM peak, Mid-Day, PM peak, and Night traffic 
assignment 


Develop speed feedback loop functionality to improve trip distribution based on the 
congested speed 


Improve result summarizing and reporting module to include more statistics and more 
visual contents in a comprehensive report format 


Improve HDOT traffic count database to a geo-spatial database 


Model upgrades 


Upgrade to hybrid model or activity-based model 


Adopt big data (location based data, detailed socio-economic data, consumer behavior 
data, etc.) as direct model inputs 


Integrate Dynamic Traffic Assignment (DTA) module and Simulation Demand 
Estimation (SDE) tool to better interface with micro- or meso-scopic modeling or 
simulation 


Improve compatibility to support the potential Hawaii state-wide model 


The CDM Smith team is ready to support the implementation of these improvements in a future 
model update project. 
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ID 

Area 

Old_TAZ 
District 

Area Type 
Term_time 
HH 

POP 
TOT_EMP 
SERVICE 
RETAIL 
OTHER 
SCH_ENR 
VIS_ATT 
HOTEL_ROOM 
AIR_PASS 
AIR_TON 
HARBOR_PASS 
HARBOR_TON 
TOURIST_EN 
FHPHW 

FHPHV 

FHWHV 
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Table A-1: The 2019 Maui Model TAZ Attributes 


Integer ( 4 bytes) 
Real (8 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Integer (4 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
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TAZ ID 

Area 

Old TAZ ID 

District ID 

Area Type Classification 
Terminal Time 
Households 

Population 

Total Employment 
Service Employment 
Retail Employment 
Other Employment 
School Enrollment (K-12) 
Visitor Attractions 


Hotel Rooms 


Airport Passengers (annual) 
Airport Tonnage (annual) 
Harbor Passengers (annual) 


Harbor Tonnage (annual) 


Tourist Entity 


Stratification of persons and workers by household 
Stratification of persons and vehicles by household 


Stratification of workers and vehicles by household 
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ID 

Length 

Dir 

Network 
Year_Add 
Year_Remove 
Project ID 
Project Name 
DISTRICT 
ROADNAME 
District 
DistrictName 
MODE_ID 


Linkclass 


Area 
Signal_Den 


Cross_Sect 
Linktype 
Description 
AB_LANE 
BA_LANE 
SPEED 
TravelTime 
WalkTime 
TrnFactor 
TransitTime 
AB_CAPACITY 
BA_CAPACITY 
Alpha 

Beta 

Factor 

AMPF 

PMPF 

Month 

SEASF 
AADT2019 
CNT_STATION 
Screenline 
AADT_Old 
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Table A-2: The 2019 Maui Model Roadway Attributes 


Integer (4 bytes) 
Real (8 bytes) 
Integer (2 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Character 
Character 
Character 
Character 
Integer (4 bytes) 
Character 
Integer (4 bytes) 


Integer (4 bytes) 


Integer (4 bytes) 
Integer (4 bytes) 


Integer (4 bytes) 
Integer (4 bytes) 
Character 

Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Real (8 bytes) 
Integer (4 bytes) 
Real (8 bytes) 
Integer (4 bytes) 
Character 
Integer (4 bytes) 
Integer (4 bytes) 


Network Link Identification 

TransCAD Length field (Miles) 

TransCAD Direction field 

1 = In Network, O= Not in Network 

Year when the link will be added to network 
Year when the link will be removed from network 
LRTP Project ID 

LRTP Project Name 

Straight Line Diagram Districts 

Road Name 

Calibration Districts 

District Name 

Mode Choice Mode Identification 


Functional Classification: 1=Interstate. 2=Freeway, 3=Ramp, 
4=Expressway, 5=Principal Arterial, 6=Minor Arterial, 7=Major 
Collector, 8=Minor Collector, 9=Local, 99=Centroid Connector 


Area Type: 1=Rural, 2=Suburban, 3=Urban, 4=CBD, 5=Remote 
Signal Density: 1=unsignalized, 2=low density, 3=medium density, 
4=high density 

Cross Section Type: 1=undivided, 2=divided, 3=two-way left turn 
ID of Linkclass, Area, Signal_Den, Cross Sect 

Linktype description 

AB directional lanes 

BA directional lanes 

Modeled Speed (mph) 

Travel time in minutes 

Walk time in minutes 

Transit Factor 

Transit Time in minutes 

AB directional capacity 

BA directional capacity 

Alpha factor 

Beta factor 

Directional Factor 

AM Peak Factor 

PM Peak Factor 

Month Identification 

Seasonal Month Factor 

2019 HPMS AADT 

Count Station Identification 

Screenline number Identification 

Old model AADT Count 
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CNT_STA_Old 
AB_Flow_Daily 
BA_Flow_Daily 
Tot_Flow_Daily 
VC_Ratio 

LOS 

VMT 

VHT 

AB_AMPeak 
BA_AMPeak 
Tot_AMPeak 
AB_PMPeak 
BA_PMPeak 
Tot_PMPeak 
AB_SelectLink_Flow 
BA_SelectLink_Flow 
Tot_SelectLinkFlow 
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Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Character 

Real (8 bytes) 
Real (8 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 
Integer (4 bytes) 


Old model AADT Count Identification 

AB Directional Daily Vehicle Volume 

BA Directional Daily Vehicle Volume 

Total Directional Daily Vehicle Volume 
Volume — to — Capacity Ratio 

Level of Service 

Vehicle miles of travel 

Vehicle hours of travel 

AB Directional Morning Peak Vehicle Volume 
BA Directional Morning Peak Vehicle Volume 
Total Morning Peak Vehicle Volume 

AB Directional Evening Peak Vehicle Volume 
BA Directional Evening Peak Vehicle Volume 
Total Evening Peak Vehicle Volume 

Select Link Traffic Flow in AB Direction 

Select Link Traffic Flow in BA Direction 


Total Select Link Traffic Flow in both directions 
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Table B-1: The 2019 Maui Model Transit Factors 


Link Class Description Transit Factor 
0 Road is not included in highway network model 1.00 
1 Rural Interstate 0.60 
1 Urban Interstate 0.60 
2 Rural Freeway 0.60 
2 Urban Freeway 0.60 
3 Rural Expressway 0.40 
3 Urban Expressway 0.40 
4 Ramp 0.40 
5 Rural principal arterial 0.60 
5 Urban principal arterial 0.50 
6 Rural minor arterial 0.60 
6 Urban minor arterial 0.50 
7 Rural major collector 0.35 
7 Urban major collector 0.30 
8 Rural minor collector 0.35 
8 Urban minor collector 0.35 
9 Rural local street (included in model network) 0.35 
9 Urban local street (included in model network) 0.35 
99 Centroid Connector 0.35 

100 Transit Only Link 0.60 
101 Walk Only Link 1.00 


Table B-2: The 2019 Maui Model Smoothed Production Rates for HBW 


Smoothed Workers 


Productions 0 1 2 34+ 
0 0.03 1.14 2.00 3.00 
8 0.04 1.30 2.19 3.50 
Z 2 0.08 1.43 2.79 3.91 
3+ 0.09 1.62 3.20 5.75 


Table B-3: The 2019 Maui Model Smoothed Production Rates for HBSchool 


Smoothed | Workers 
Productions 0 1 2 3+ 
0 0.10 0.27 0.30 1.79 
8 0.18 0.27 0.60 2.03 
Z 2 0.20 0.28 1,23 2.10 
3+ 0.23 0.30 1.30 2.20 
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Table B-4: The 2019 Maui Model Smoothed Production Rates for HBShop 


Smoothed | Workers 
Productions 0 1 2 3+ 
0 0.30 0.47 0.60 0.80 
8 1 0.36 0.60 0.69 1.06 
Z 2 0.39 0.70 0.72 1.10 
3+ 0.45 0.72 0.75 1.44 


Table B-5: The 2019 Maui Model Smoothed Production Rates for HBSocRec 


Smoothed | Workers 
Productions 1 2 3+ 
0 0.12 0.30 0.40 0.50 
8 0.25 0.47 0.54 1.00 
a 2 0.28 0.64 0.81 1.18 
3+ 0.30 0.68 0.89 1.19 


Table B-6: The 2019 Maui Model Smoothed Production Rates for HBOther 


Smoothed | Workers 
Productions 1 2 3+ 
0 1.25 1.68 2.73 3.62 
3 1.48 2.33 4.71 5.25 
3 2 1.58 2.78 4.76 5.87 
3+ 1.81 2.84 4.94 6.30 


Table B-7: The 2019 Maui Model Smoothed Production Rates for NHBased 


Smoothed | Workers 
Productions 0 1 2 3+ 
0 0.80 1.90 2.80 3.80 
8 115 | 2.00 3.10 4.00 
2 2 1.25 2.15 3.30 4.30 
3+ 1.50 2.25 3.50 4.50 
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Table B-8: The 2019 Maui Model Assignment Parameters 


Interstate/Freeway 
Ramp 

Expressway 
Principal Arterial 
Minor Arterial 
Major Collector 
Minor Collector 


Local 


0.070 
0.150 
0.085 
0.100 
0.150 
0.250 
0.250 
0.250 


12.0 
5.5 
10.0 
7.0 
5.5 
4.0 
3.0 
2.5 


Table B-9: The 2019 Maui Model Peak Hour Factors 


Interstate/Freeway 
Ramp 


Expressway 


Principal Arterial 


Minor Arterial 


Major Collector 


Minor Collector, Local and Centroid Connectors 
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All Areas 


Rural 
Suburban 
Urban 
CBD 
Remote 
Rural 
Suburban 
Urban 
CBD 
Remote 
Rural 
Suburban 
Urban 
CBD 
Remote 
Rural 
Suburban 
Urban 
CBD 


Remote 


7.250% 


7.876% 
7.895% 
7.374% 
7.318% 
7.875% 
8.086% 
8.257% 
7.658% 
7.803% 
8.304% 
8.764% 
9.328% 
8.563% 
9.201% 
9.533% 
8.224% 
8.969% 
7.479% 
7.588% 
9.710% 


8.000% 


8.337% 
8.300% 
8.149% 
8.091% 
8.246% 
8.402% 
8.413% 
8.238% 
8.244% 
8.382% 
8.690% 
8.877% 
8.620% 
8.844% 
8.923% 
8.501% 
8.726% 
8.240% 
8.282% 
8.840% 


B-3 


Appendix B e Model Parameters 


Table B-10: The 2019 Maui Model Seasonal Adjustment Factor by Month 


Month 


January 
February 
March 
April 
May 
June 
July 
August 


September 


October 


November 


December 


Factor 


1.000 
0.970 
1.034 
1.025 
0.993 
0.984 
1.019 
1.058 
1.051 
0.964 
0.994 
0.960 


Table B-11: The 2019 Maui Model K-Factors by Trip Purpose 


To From 


District | District lai! 
9 9 100 
4 5 140 
5 4 140 
7 7 65 


HBShop | HBSch 


140 
140 
140 
65 


100 
100 
100 
200 


Table B-12: The 2019 Maui Model Mode Choice Constants 


Parameters 


Vehicle_ASC 


Drive Alone ASC 


Shared Ride (2 person) ASC 


HBW 
HBSCH 
HBShSo 
HBO 
NHB 
VISITOR 
HBW 
HBSCH 
HBShSo 
HBO 
NHB 
VISITOR 


ee aes 
140 100 140 100 100 
140 140 140 100 100 
140 140 140 100 100 
65 65 65 100 100 
| 0 Car - Walk | 1+ Car - Walk | 1+ Car - Drive 
-1.2500 0.2500 1.6000 
-1.5000 2.5000 2.5000 
-1.5000 -3.0000 -3.0000 
-2.5000 1.0000 1.0000 
-2.5000 1.0000 1.0000 
-3.0000 1.0000 1.0000 
n/a 1.7500 1.1500 
1.7500 0.7500 0.7500 
1.5000 3.0000 3.0000 
2.0000 1.0000 1.0000 
2.0000 1.0000 1.0000 
3.0000 1.0000 0.7500 
n/a 1.2500 1.2500 
CDM 


Smith 


Shared Ride (3+ person) ASC 


Transit ASC 


Local ASC 


Premium ASC 


Non- Motorized ASC 


Walk ASC 


Bike ASC 
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HBW 
HBSCH 
HBShSo 
HBO 
NHB 
VISITOR 
HBW 
HBSCH 
HBShSo 
HBO 
NHB 
VISITOR 
HBW 
HBSCH 
HBShSo 
HBO 
NHB 
VISITOR 
HBW 
HBSCH 
HBShSo 
HBO 
NHB 
VISITOR 
HBW 
HBSCH 
HBShSo 
HBO 
NHB 
VISITOR 
HBW 
HBSCH 
HBShSo 
HBO 
NHB 
VISITOR 
HBW 
HBSCH 
HBShSo 
HBO 
NHB 
VISITOR 


1.1500 
0.7500 
1.2500 
1.2500 
2.5000 
n/a 
3.5000 
0.5000 
0.7500 
0.2500 
0.2500 
n/a 
1.5000 
-0.5000 
1.7000 
1.7000 
1.0000 
n/a 
0.0000 
0.2500 
0.2500 
0.2500 
0.2500 
n/a 
2.7500 
-0.2500 
-0.5000 
-0.5000 
0.0000 
n/a 
2.0000 
0.0000 
1.7000 
1.7000 
1.0000 
n/a 
-1.0000 
-0.5000 
-1.0000 
-1.0000 
-1.0000 


n/a 


-0.2500 
0.0000 
-1.0000 
-1.0000 
-0.5000 
0.2500 
3.0000 
2.0000 
1.0000 
0.0000 
0.0000 
1.6500 
0.1500 
-0.5000 
-0.8000 
-0.8000 
-0.2500 
0.1500 
0.8500 
0.2500 
0.2500 
0.2500 
0.2500 
0.5000 
1.9000 
1.5000 
-0.5000 
-0.5000 
-1.0000 
1.5000 
0.7500 
0.0000 
-0.2500 
-0.2500 
0.0000 
0.1500 
-0.2500 
-0.2750 
-1.0000 
-1.0000 
-1.0000 
-0.7500 


0.1500 
0.0000 
-0.5000 
-0.5000 
-0.5000 
0.0000 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 


n/a 
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Table B-13: The 2019 Maui Model Mode Choice Coefficients 


IVTT -0.0250 -0.0250 -0.0250 

OVTT -0.0630 -0.0630 -0.0630 

TRANSFER -0.2500 -0.2500 -0.2500 

Parameter Coefficients CBD 0.2500 0.2500 0.2500 
COST (work) -0.0023 -0.0023 -0.0023 

COST (other) -0.0012 -0.0012 -0.0012 

Walk Time -0.0250 -0.0250 -0.0250 

Theta (all modes) 0.7000 0.7000 
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